5ATCC 49355 T ), and also propose the novel species Sphingobium xanthum sp. nov., Sphingobium mellinum sp. nov. and Rhizorhabdus argentea gen. nov., sp. nov. with the type strains NL9 T (5LMG 12560 T 5ATCC 51296 T ), WI4 T (5LMG 11032 T 5ATCC 51292 T ) and SP1 T (5LMG 12581 T 5ATCC 51289 T ), respectively. Several strains isolated from lettuce roots belonged to the genus Sphingomonas, but none of them were pathogenic.
The genus Rhizomonas was created for strains of Gramnegative bacteria causing corky root of lettuce (van Bruggen et al., 1990) , a widespread and important lettuce disease in various parts of the USA, Europe and Australia (Datnoff & Nagata, 1990; van Bruggen et al., 1988 van Bruggen et al., , 1989 . Only one species of the genus Rhizomonas was described, Rhizomonas suberifaciens, containing most pathogenic strains isolated in the USA, except for strain WI4 T which was presumed to belong to a separate species of the genus Rhizomonas (van Bruggen et al., 1990) . A non-pathogenic strain isolated from lettuce roots in California, strain CA16, was shown to be related to strain WI4 T and was presumed to belong to the same unnamed species (van Bruggen et al., 1993). Yabuuchi et al. (1999) expanded the genus Sphingomonas by reclassifying Rhizomonas suberifaciens along with Blastomonas natatoria (Sly & Cahill, 1997) and Erythromonas ursincola (Yurkov et al., 1997) based on the results of a phylogenetic study of 16S rRNA gene sequences and the presence of sphingoglycolipid in their cell envelopes. They included phytopathogenic as well as photosynthetic organisms into a genus originally defined as a collection of Gram-negative, chemoheterotrophic, strictly aerobic, nonmotile or motile rods that produce yellow-pigmented colonies which are characterized by the presence of 2-hydroxymyristic acid (C 14 : 0 2-OH), the absence of 3-hydroxy fatty acids, and ubiquinone 10 (Q10) as their major respiratory quinone (Balkwill et al., 2006; Yabuuchi et al., 1990) . The expanded genus Sphingomonas also included the former Pseudomonas paucimobilis, the former Flavobacterium capsulatum, and three novel species, Sphingomonas parapaucimobilis, Sphingomonas adhaesiva and Sphingomonas yanoikuyae. Sphingomonas paucimobilis, the type species of the genus Sphingomonas (Holmes et al., 1977; Yabuuchi et al., 1990) , was originally isolated as an opportunistic pathogen from various parts of the human body (Holmes et al., 1977) , but also rhizosphere organisms have been described as belonging to this species (Lambert et al. 1990 ).
After the expansion, the genus Sphingomonas became very diverse. Hiraishi et al. (2000) returned Sphingomonas natatoria to the genus Blastomonas after the identification of photosynthetic genes in Sphingomonas natatoria. Based on phenotypic, chemotaxonomic and phylogenetic analyses of Blastomonas natatoria, Sly & Cahill (1997) emended the description of this species as an aerobic photosynthetic bacterium. Hiraishi et al. (2000) also reclassified Erythromonas ursincola (Yurkov et al., 1997) as Blastomonas ursincola and concluded that both species of the genus Blastomonas were clearly distinct from species of the genus Sphingomonas.
Despite the removal of Sphingomonas natatoria and Sphingomonas ursincola from the genus Sphingomonas, this genus remained genetically diverse. Therefore, a proposal was submitted by Takeuchi et al. (2001) , based on data collected from phylogenetic, polyamine, fatty acid, and other biochemical analyses, to divide the genus Sphingomonas into at least four distinct genera within the family Sphingomonadaceae, including Sphingomonas and three new genera: Sphingobium, Novosphingobium and Sphingopyxis. This proposal was not accepted by Yabuuchi et al. (2002) who considered these new genera as junior objective synonyms of Sphingomonas. Still, the genera Erythrobacter, Porphyrobacter and Blastomonas, as well as the phytopathogenic genus Rhizomonas did not fit into any of these Sphingomonas subgroups but clustered as separate lineages (Takeuchi et al., 2001 ). This conclusion supported our previously published data (van Bruggen et al., 1990) . Although Rhizomonas suberifaciens and Sphingomonas paucimobilis have many characteristics in common (Holmes et al., 1977; van Bruggen et al., 1990) , the most important one being a relatively large proportion of C 14 : 0 2-OH fatty acid in the whole-cell fatty acid profile (Dees et al., 1979; Kawahara et al., 1991; van Bruggen et al., 1990; Yabuuchi et al., 1990) , there are several important differences distinguishing these bacteria. These include differences in G+C content of chromosomal DNA (6 %), several fatty acids, colony colour (cream for Rhizomonas suberifaciens and yellow for Sphingomonas paucimobilis), sugar utilization pattern (wider for Sphingomonas paucimobilis), and maximal growth temperature (40 u C for Sphingomonas paucimobilis and 36 u C for Rhizomonas suberifaciens) (van Bruggen et al., 1990) . Furthermore, DNA-rRNA hybridizations showed that Rhizomonas constitutes a separate rRNA branch within rRNA superfamily IV, equidistantly related to three other separate branches formed by Sphingomonas paucimobilis, Sphingomonas capsulata (currently known as Novosphingobium capsulatum) and Zymomonas, respectively .
The emendation of the genus Sphingomonas by Yabuuchi et al. (1999) to encompass Rhizomonas suberifaciens, Blastomonas natatoria and the former Erythrobacter ursincola was based on a comparison of these strains with only few Sphingomonas strains, namely Sphingomonas paucimobilis ATCC 29837
T and Sphingomonas yanoikuyae LMG 11252 T (currently known as Sphingobium yanoikuyae), and 10 other more distantly related bacterial species, mostly belonging to the order Rhizobiales. A more recent study by Chen et al. (2013) reclassified Sphingomonas suberifaciens as Sphingobium suberifaciens based on the comparative characterization with their newly reported species of the genus Sphingobium, Sphingobium limneticum and Sphingobium boeckii. However, the level of DNA-DNA hybridization between Sphingomonas suberifaciens and other Sphingobium strains was low, and no other rhizosphere strains closely related to Sphingomonas suberifaciens were included in the study.
Additional Rhizomonas-like strains, isolated from US, European and Australian soils, have been reported van Bruggen et al., 1990) . Although several of these strains are pathogenic to lettuce, many are non-pathogenic. In addition, several of these strains form yellow colonies and/or a brown diffusible pigment unlike the previously described strains of Rhizomonas suberifaciens. Moreover, some of these strains have a low or moderate level of DNA-DNA relatedness with the type strain of Rhizomonas suberifaciens and tested negative with monoclonal antibody mAb-Rs1 which is specific for Rhizomonas suberifaciens van Bruggen et al., 1990 . Fatty acid analyses indicated, however, that these strains do belong to the genus that was named Rhizomonas or to closely related genera .
This variation in characteristics of previously described rhizosphere strains (Figs S1 and S2, available species isolated from lettuce roots, sow thistle roots, or soil using lettuce seedlings as bait (Table S1 ) encouraged us to re-examine the phylogenetic position of the debated genus Rhizomonas. For this purpose we carried out a polyphasic study including 16S rRNA gene sequencing, DNA-DNA hybridization (DDH), DNA G+C content analysis, wholecell fatty acid composition, phenotypic characterization, substrate oxidation profiles, temperature and pH sensitivity, and pathogenicity to lettuce.
The name Rhizomonas was rejected by the Judicial Opinion 14 (De Vos & Trüper, 2000) because it was found to be a later homonym of a name of a taxon of protozoa (Rhizomonas W. S. Kent, 1880) . Based on the Greek word for root, rhiza, and the Greek word for rod, rhapis, we propose to assign strains identified as belonging to the illegitimate genus Rhizomonas to a more appropriately named new genus, Rhizorhapis gen. nov.
The isolation sources and locations of the strains used in this study are listed in Table S1 . Several reference strains of the genus Sphingomonas, including Sphingomonas parapaucimobilis LMG 10923 T and Sphingomonas paucimobilis LMG 1227 T , as well as Sphingobium yanoikuyae LMG 11252 T were obtained from the BCCM/LMG bacteria collection (Laboratory of Microbiology, Ugent, Belgium). Agromonas oligotrophica ATCC 43045 T , obtained from the American Type Culture Collection (ATCC), served as a positive control for the oligotrophy test, and Escherichia coli DH1 (obtained from C. I. Kado) was used as a positive control for anaerobiosis. All cultures were grown on solid S medium (van Bruggen et al., 1988) , the only medium on which Rhizomonas suberifaciens grows satisfactorily, for 2-4 days at 30 u C unless stated otherwise.
Chromosomal DNA of selected strains was isolated using the MasterPure Gram Positive DNA Purification kit (Epicentre Biotechnologies) according to the manufacturer's instructions. Although the strains studied are Gramnegative, it is more difficult to isolate DNA with Gramnegative purification kits. The universal primers 27f (59-AGAGTTTGATCCTGGCTCAG-39) and 1492r (59-TACG-GTTACCTTGTTACGACTT-39) were used to amplify nearly full-length 16S rRNA gene sequences. Amplified DNA was purified from agarose gel (E.Z.N.A. Gel Extraction kit, Omega Bio-Tek), cloned into the pGEM-T Easy Vector (Promega) and sequenced by the Sanger method with commercial primers hybridizing to the T7 and SP6 promoter. Phylogenetic and molecular evolutionary analyses were conducted using SeaView version 4 (Gouy et al., 2010) . Via this interface the obtained 16S rRNA gene sequences were aligned with sequences available from the GenBank database, and phylogenetic trees were reconstructed computed by distance using the neighbour-joining algorithm BIONJ (Gascuel, 1997) (Fig. 1) and by the maximumlikelihood method using PhyML 3.0 (Guindon et al., 2010) (data not shown). All phylogenetic trees were calculated with 1000 resamplings (bootstrap analysis ; Felsenstein, 1985) . T and Zymomonas mobilis subsp. mobilis ATCC 10988
T were used as outgroup organisms (Fig. 1) . DDH of selected strains was performed as described previously by . The extent of hybridization was determined under moderately stringent (50 u C) conditions and by measuring counts min 21 on the blots using the Ambis Radioanalytic Imaging System (Ambis Systems) ( Table S2 ).
The results of genetic analyses are shown in Fig. 1 and Table S2 . A separate lineage of strains was formed clustering together with Rhizorhapis suberifaciens gen. nov., comb. nov. CA1
T . The recommended cut-off values for species discrimination are 98.7 % for 16S rRNA gene sequence similarity and 70 % for DDH (Stackebrandt & Ebers, 2006) . Even though several of the strains had high 16S rRNA gene sequence similarity values (100-99 %) to Rhizorhapis suberifaciens gen. nov., comb. nov. CA1 T , they showed DDH values below 70 % (Table S2 ). This could indicate that they belong to different species within the genus (Gevers et al., 2005; Stackebrandt & Ebers, 2006) or point to differences in gene content reflecting strainspecific genes within a bacterial species. Variation in gene content is greatly enhanced by lateral gene transfer, a prevalent phenomenon among members of the phylum Proteobacteria (Kloesges et al., 2011) . In particular strains NL6, NL8 and GB2 showed an exceptionally low DDH value (,21 %) with Rhizorhapis suberifaciens gen. nov., comb. nov. CA1
T (Table S2 ). This distinction from Rhizorhapis suberifaciens gen. nov., comb. nov. is also reflected in the phylogenetic tree where they are positioned on a separate branch within the Rhizorhapis gen. nov. cluster (Fig. 1) . We therefore propose to classify them for now as Rhizorhapis gen. nov. spp. NL6, NL8 and GB2. Nevertheless, strains NL6 and NL8 reacted positively with monoclonal antibody mAb-Rs1 , which is specific for strains of Rhizomonas suberifaciens .
As seen in the phylogenetic tree, strains SP1
T , SP3, NL2, NY4 and CA15 clustered together with Sphingomonas wittichii and Sphingomonas starnbergensis and form a branch that is closely related but clearly distinct from the T , respectively (Table  S2 ). Considering the low DDH values between strain SP1 T and the rest of the Rhizorhabdus gen. nov. strains (Table  S2) , it is likely that the latter ones belong to a different species within this genus. With the addition of the strains reported in this study, the recently identified Sphingobium boeckii 469
T (Chen et al., 2013) positioned itself more closely to Rhizorhapis gen. nov. and was clearly distinct from the rest of the species of the genus Sphingobium (Fig.  1) . The new information provided here might shed more light on the position of these previously identified species within the family Sphingomonadaceae. Several other strains recently isolated from lettuce roots clustered together with species belonging to the genera Sphingopyxis, Sphingobium and Sphingomonas, which clearly formed distinct bacterial lineages (Fig. 1, Table S2 ), supporting the subdivision of the genus Sphingomonas (Takeuchi et al., 2001) . Strains CA28 to CA32 showed a 99 % 16S rRNA gene sequence similarity with Sphingopyxis chilensis S37 T , while strains GR1, GR3 and FL24 had 98-99 % 16S rRNA gene sequence similarity to Sphingobium xenophagum BN6 T (data not shown). Further DDH studies will have to confirm the position of these strains within the respective species mentioned. In addition, several of the newly isolated strains clustered together forming two separate novel species within the genus Sphingobium (Fig. 1, Table S2 ). We propose the novel species Sphingobium xanthum sp. nov., with bright yellow colonies, formed by strains NL9 T , CA20, FL21 and FL22, and Sphingobium mellinum sp. nov., with honey-coloured colonies, containing strains NL1, NL5 and NL7 together with WI4
T and CA16, previously reported as very similar but clearly distinct from Rhizomonas suberifaciens (van Bruggen et al., 1990) . Strains FL18 and NL1 seemed to be closely related to strains of Sphingobium xanthum sp. nov. and Sphingobium mellinum sp. nov., respectively (Fig. 1) , but their low DDH values indicate that they probably belong to a novel yet unidentified species (Table S2 ). The same is true for strain NL4 which seems to be most similar to strains of Sphingobium yanoikuyae but still distinct enough to be classified as a representative of a separate species. Strains AU71, GB1, CA23, CA25 and GR2 grouped in the genus Sphingomonas, possibly forming one novel species (Fig. 1) , which will have to be confirmed by DDH. Their 16S rRNA gene sequences showed high similarity to each other (98-99 %) while these values dropped to 97 % and lower when compared to other species of the genus Sphingomonas (Table S2 ).
The DNA G+C content of strains representing newly characterized species or strains clustering together to form a new genus was determined. Thermal denaturation was performed as described by De Ley & Van Muylem (1963) , and the mol% G+C content of chromosomal DNA was calculated using the equation of Marmur & Doty (1962) as modified by De Ley (1970) . A mean of 64.0±0.2 mol% was measured for strains CA15 and NL2 belonging to the new genus Rhizorhabdus gen. nov. The DNA G+C contents of strains NL9
T and FL22 representing the novel species Sphingobium xanthum sp. nov. had a mean of 64.7 mol%, and the mean value of Sphingobium mellinum sp. nov. strains NL7 and WI4
T was 63.1±0.2 mol%. In this study several new strains belonging to the genus Sphingomonas were isolated. The DNA G+C contents of two of those strains, namely CA22 and GB1, were 65.8 and 66.9 mol%, respectively. These values together with the published values for strains of Sphingomonas paucimobilis and Sphingomonas parapaucimobilis, averaging 65.73±0.07 mol% and 64.5±0.5 mol%, respectively (Yabuuchi et al., 1990) , and those of the newly reported Sphingobium limneticum (63.4 mol%) and Sphingobium boeckii (64.6 mol%) (Chen et al., 2013) show a clear discrepancy with the significantly lower mean value of 58.9±0.3 mol% previously reported for strains of Rhizomonas suberifaciens (van Bruggen et al., 1990) , justifying the removal of Rhizorhapis gen. nov. from the Sphingomonas group.
Fatty acids were extracted from strains in exponential phase, grown on solid S medium with 5 g l 21 casein enzymic hydrolysate (N-Z-Amine AS, Sigma-Aldrich), for 3 days at 28±1 u C. The extracted fatty acids were methylated using the procedure of Lambert et al. (1983) . Fatty acid methyl ester (FAME) fractions were separated on a 5 % methyl phenyl silicone capillary column of a gas chromatograph (Hewlett Packard) equipped with a flameionization detector. Standards containing known fatty acids were used for calibration and the peaks were identified with the Sherlock Microbial Identification System (MIS) software package (MIDI). The fatty acid profiles were subjected to cluster analysis using the same software. Fatty acid profiles of most strains consisted mainly of unsaturated and saturated straight-chain fatty acids with even numbers of carbon atoms (C 18 : 1 , C 16 : 1 and C 16 : 0 ), 2-hydroxy fatty acids (C 14 : 0 2-OH, C 15 : 0 2-OH and C 16 : 0 2-OH), and one methylated fatty acid (C 18 : 1 10-CH3) ( Table 1 ). The fatty acid profiles were separated into 11 clusters, which coincided quite well with the clusters based on 16S rRNA gene sequences. Yet, there were some notable discrepancies, in particular for strain FL18 which ended up in a separate FAME cluster, while it belongs to Sphingobium sp. according to the 16S rRNA gene sequence analysis (FAME cluster 11). Other strains could potentially be identified based on characteristic FAME compositions. Members of the genus Sphingopyxis (FAME cluster 1) are clearly distinct from the rest because of a lower amount of C 18 : 1 fatty acids grouped in summed feature 7 (SUM7) (11.7±1.2 %) and higher amounts of C 17 : 1 v6c and C 17 : 1 v8c (23.8±1.9 % and 5.1±0.5 %, respectively). Sphingopyxis strains also contained C 15 : 0 2-OH as the main hydroxylated fatty acid (19.2±0.7 %) in contrast to the rest which are characterized predominantly by C 14 : 0 2-OH. Whole-cell fatty acid profiles for FAME clusters 2 and 3, harbouring respectively Sphingobium strains FL24, GR1 and GR2, and Sphingobium sp. NL4 and the Rhizorhabdus gen. nov. strains, showed slightly lower amounts of SUM7 C 18 : 1 fatty acids (41.1±0.8 % and 43.9±2.7 %, respectively), but can be distinguished by the higher amount of C 16 : 1 v7c fatty acids for FAME cluster 2 (28.7±1.3 %) than cluster 3 (14.3±4.1 %). FAME cluster 4 containing strains of Sphingomonas paucimobilis and Sphingomonas parapaucimobilis is characterized by a high amount of SUM7 C 18 : 1 fatty acids (70.0±2.5 %), a trait that is shared by Sphingobium sp. FL18, the only member of cluster 5 (66 %). Strains in the Sphingobium mellinum sp. nov. cluster (FAME cluster 6), the Rhizorhapis suberifaciens gen. nov., comb. nov. cluster (FAME cluster 7), and Sphingobium yanoikuyae LMG 11252 T (FAME cluster 8) seemed to be closely related according to their fatty acid profile. This is in agreement with the proposed classification of Chen et al. (2013) that strains representing the genus Rhizorhapis gen. nov. would belong to the genus Sphingobium based on their fatty acid analysis. However, their 16S rRNA gene sequence analysis results in a separate lineage for Rhizorhapis suberifaciens gen. nov., comb. nov. and Sphingobium boeckii, distinct from the other Sphingobium strains. Moreover, the FAME profiles of Rhizorhapis gen. nov. strains differed from those of the Sphingobium mellinum sp. nov. and Sphingobium xanthum sp. nov. clusters (FAME clusters 6 and 8) by having a lower amount of C 18 : 1 v5c (1.6±0.4 % compared to 2.5±0.4 % and 2.6±0.3 %, respectively). Strains of the Sphingobium mellinum sp. nov. cluster differed from those of the Rhizorhapis gen. nov. cluster by having a lower percentage of C 16 : 1 v7c (6.9±1.2 % compared to 11.6± 1.8 %) and C 14 : 0 2-OH (7.7±1.6 % compared to 9.3± 0.9 %), and a C 16 : 1 v5c fatty acid content below the detection limit. Sphingomonas sp. CA23 (FAME cluster 9) distinguishes itself from other Sphingomonas strains with 31.3 % of C 14 : 0 2-OH fatty acid, which is double the amount measured for its phylogenetically related strains AU71, GR2, GB1, CA22 and CA25 (14.9±3.3 %) (FAME cluster 10) presumably forming a novel species of the genus Sphingomonas.
General shape and cell size were determined for a representative subset of the strains studied by means of a phase-contrast microscope and an ocular micrometer. Cells were rod-shaped often occurring in strings or clumps of several cells (Fig. S3 ) (except for Sphingomonas strains, Sphingobium yanoikuyae LMG 11252 T and Sphingobium sp. NL4 which were not clumped). Cells of Sphingobium sp. NL4 and Sphingobium yanoikuyae LMG 11252 T were relatively large (2.060.9 mm), while those of Sphingobium xanthum sp. nov. were slightly smaller (1.560.8 mm) and cells of Sphingobium mellinum sp. nov. were very small (0.960.5 mm). Cells of Rhizorhabdus gen. nov. were similar 
mm).
None of the strains, except for Escherichia coli DH1, grew on S medium in anaerobiosis jars (as described previously, van Bruggen et al., 1990) . Nevertheless, most strains survived as they started to grow when relieved from the anaerobic conditions.
To test for oligotrophy, colonies of a representative subset of the studied strains were scraped from S medium plates and diluted in sterile distilled water to a density of approximately 10 8 c.f.u. ml
21
. Fifty microlitres suspension was added to 4 ml trypticase soy broth (TSB; BBL Microbiology Systems), 10-and 100-fold diluted TSB, and S medium broth. After 2 weeks of incubation at 30 u C the optical density was measured at 650 nm and converted to c.f.u. ml 21 using standard curves for three classes of bacterial sizes. Carbon oxidation patterns for the strains listed in Table S1 were determined by means of the Biolog system using the Biolog GN MicroPlates. Absorbance values were subjected to cluster analyses using the Statistical Analysis System (SAS Institute), which resulted in 12 distinct clusters which closely resembled the clusters formed by 16S rRNA gene sequence analysis (Fig. 1, Table S2 ). Typical oxidation reactions for the main clusters of the 16S rRNA gene sequence analysis are given in Table S3 . Strains of Rhizorhabdus gen. nov., Rhizorhapis gen. nov., Sphingobium mellinum sp. nov. and Sphingobium sp. NL1 (Biolog clusters 1-5) oxidized relatively few substrates, while Sphingobium sp. FL18, Sphingobium sp. NL4, Sphingobium xanthum sp. nov. and Sphingobium yanoikuyae LMG 11252 T (Biolog clusters 6-9) oxidized about the same number of substrates as strains of the Sphingomonas clusters 10-12. Nevertheless, several substrates could be used to differentiate the Sphingobium strains of clusters 8 and 9 from the Sphingomonas 16S rRNA gene cluster (Biolog clusters 10-12). Similarly, strains of clusters 6 and 7 (various species of the genus Sphingobium) could be easily distinguished from the Sphingomonas strains and the rest of the clusters by differential substrate oxidation. Strains of Rhizorhabdus gen. nov. oxidized only 10 substrates on Biolog plates, which enabled the distinction from Rhizorhapis gen. nov. strains (Table S3 ). In general, Rhizorhapis gen. nov. strains can be distinguished from the rest of the strains particularly because of poor oxidation of maltose, DL-lactic acid, Laspartic acid, L-glutamic acid and glycyl L-glutamic acid.
Growth temperature limits were assessed visually after one and two weeks of growth on solid S medium at 30, 34, 37 and 40 uC (Table S3) . After two weeks all strains had grown at 30 and 34 u C, except for Sphingobium sp. NL4 which did not grow at 34 u C. At 37 u C most strains grew well, except for members of the genera Rhizorhapis gen. nov. and Rhizorhabdus gen. nov. while only Sphingobium yanoikuyae LMG 11252
T grew at 40 u C.
Growth was also estimated by determining the OD 650 of liquid S medium cultures with the pH adjusted to 4, 5, 6, 7, 8 or 9 with HCl or KOH before autoclaving (Table S3) . None of the strains grew at pH 4, while pH 6-8 supported growth for all of the strains. Members of the genus Sphingomonas, Sphingobium yanoikuyae LMG 11252 T as well as Sphingobium mellinum sp. nov. CA16 and WI4
T were able to tolerate a pH as low as 5. These strains together with Sphingopyxis sp. CA29 and CA32, Sphingobium xanthum sp. nov. FL22, and Sphingobium sp. AU71, CA22 and GR3 even grew when the pH was raised to 9.
All strains used in this study (except the reference strains Escherichia coli DH1 and Agromonas oligotrophica ATCC 43045 T ) were tested for pathogenicity to lettuce (Lactuca sativa L. 'Salinas'). Lettuce seedlings were raised in vermiculite in 4 cm-wide pots placed inside insect-proof cages (one cage for each isolate or control) in a greenhouse with supplementary lighting by 400 W multivapour lamps for 14 h per day. One-week-old seedlings were inoculated at the stem base with 2 ml bacterial suspension (10 7 -10 8 c.f.u. ml
) scraped from S agar into sterile distilled water. Non-inoculated control plants received sterile distilled water. The plants received water, 0.56 Hoagland solution, or a solution of Ca(NO 3 ) 2 +KNO 3 (each at 5 mM) on alternate days (van Bruggen et al., 1989) . Mean maximum and minimum temperatures as measured with a min-max thermometer were 31 and 19 u C, respectively. After 3 weeks, plants were uprooted and rated for corky root severity on a scale from 0-9 (Brown & Michelmore, 1988) . The results for this assay are listed in Table S1 . Most of the strains clustering with Rhizorhapis suberifaciens gen. nov., comb. nov. CA1
T on the basis of 16S rRNA gene sequence and fatty acid analysis induced typical symptoms of corky root on lettuce cultivar Salinas. Notable exceptions were strains GB2, NL6 and NL8, which most likely represent a novel species of the genus Rhizorhapis gen. nov. Of the other genera tested, Rhizorhabdus gen. nov., Sphingopyxis and Sphingobium had few pathogenic strains, whereas no pathogenic strains were observed among species of the genus Sphingomonas. This is the first report of corky root-inducing strains that belong to genera outside of Rhizorhapis gen. nov. and research is ongoing to examine if pathogenicity genes are located on a plasmid.
Our data support the conclusion drawn by Takeuchi et al. (2001) that species should not be assigned to the genus Sphingomonas solely on the basis of the presence of glycosphingolipids in their cell envelopes. We therefore propose a division of the genus Sphingomonas into Sphingomonas sensu stricto plus five additional genera, Sphingopyxis, Novosphingobium, Rhizorhapis gen. nov., Rhizorhabdus gen. nov. and Sphingobium. Thus, we suggest with Takeuchi et al. (2001) retaining Rhizorhapis gen. nov. as a separate genus, and therefore undoing the reclassification of Rhizomonas suberifaciens as part of the genus Sphingomonas (Yabuuchi et al., 1999) or Sphingobium (Chen et al., 2013) . The current study demonstrated again that taxonomic studies with a limited number of strains leads to undesirable clumping of taxa. A summary of the main characteristics for differentiation among the genera and species that are described below, is given in Tables 2  and 3 .
Description of Rhizorhapis gen. nov.
Rhizorhapis (Rhi.zo.rha9pis. Gr. n. rhiza root; Gr. fem. n. rhapis rod; N.L. fem. n. Rhizorhapis a rod associated with roots).
Previous illegitimate name: Rhizomonas van Bruggen et al.
1990.
Cells are Gram-negative, straight or slightly curved rods that are motile by one lateral, subpolar or polar flagellum (Fig. S4) , or are non-motile (van Bruggen et al., 1990) . Resting stages are unknown. Cell division takes place by binary fission. Cells accumulate polyhydroxybutyrate (PHB) granules and are arginine dihydrolase-negative. Colonies are non-fluorescent, white or cream-white, and are smooth or wrinkled. Cells are obligate aerobes and have an oxidative metabolism. The optimum growth temperature is 28-32 u C; the maximum growth temperature is 37 u C. Ethanol is not converted to acetic acid. Oxidase and catalase are produced. Denitrification to N 2 gas does not occur. Ubiquinone Q10 is present. Whole-cell fatty acids consist mainly of even-numbered unsaturated (C 18 : 1 and C 16 : 1 ) and saturated (C 16 : 0 ) straight-chain fatty acids, as well as C 14:O 2-OH. The C 18:l fatty acids represent at least 50 % of the total fatty acids. The G+C content of the DNA ranges from 58 to 60 mol%.
The type species is Rhizorhapis suberifaciens formerly known as Rhizomonas suberifaciens (van Bruggen et al., 1990) .
Description of Rhizorhapis suberifaciens comb. nov.
Rhizorhapis suberifaciens (su.be.ri.fa9ci.ens. L. gen. n. suberis of cork, corky; L. part. adj. faciens making, producing; N.L. part. adj. suberifaciens cork making). Table 2 . Differential characteristics of Rhizorhapis gen. nov. and Rhizorhabdus gen. nov., and the closely related genera Sphingopyxis, Sphingobium and Sphingomonas, with the latter two genera represented by the type species Sphingobium yanoikuyae and Sphingomonas paucimobilis, respectively Genera: 1, Rhizorhapis gen. nov.; 2, Rhizorhabdus gen. nov.; 3, Sphingobium; 4, Sphingopyxis; 5, Sphingomonas. +, Positive; 2, negative; ND, no data; SUM7, summed feature 7 representing fatty acids C 18 : 1 v7c, C 18 : 1 v9c, and C 18 : 1 v12t that cannot be separated by the Microbial Identification System. Rhizorhabdus (Rhi.zo.rhab9dus. Gr. n. rhiza root; Gr. fem. n. rhabdus rod; N.L. fem. n. Rhizorhabdus a rod associated with roots).
Cells are Gram-negative, non-sporulating rods that are motile or non-motile. On S medium, colonies are smooth and convex or compact and rough. Colony colour is white or cream-white. Growth is obligate aerobic and oligotrophic. Few carbon sources are utilized. Maximum growth occurs at 34 u C. Major cellular fatty acids are C 18 : 1 , C 16 : 1 and C 16 : 0 . The main hydroxylated fatty acid is C 14 : 0 2-OH. C 18 : 1 10-CH 3 and C 19 : 0 cyclo fatty acids occur in trace and moderate amounts, respectively. The G+C content of chromosomal DNA ranges from 63-65 mol%. Some strains are pathogenic to Lactuca spp. and other genera in the tribe Cichoriae of the Asteraceae, inducing yellow banded lesions and brown corky areas on main and lateral roots. The type species is Rhizorhabdus argentea.
Description of Rhizorhabdus argentea sp. nov.
Rhizorhabdus argentea (ar.gen9te.a. L. fem. adj. argentea silvery).
Cells are Gram-negative, flagellated or non-motile rods (approx. 1.560.8 mm). Colonies on S medium are smooth and convex or compact and rough. Colonies are bright white. Growth is obligately aerobic and oligotrophic. Few substrates are oxidized, namely D-fructose, a-D-glucose, Cells are Gram-negative, flagellated rods (approx. 0.96 0.5 mm) that grow on solid S medium in compact but smooth, dark yellow colonies, sometimes producing a brown diffusible pigment. All strains are obligate aerobes and not oligotrophic. Relatively few carbon sources are utilized. The following substrates are oxidized by all strains: a-D-glucose, maltose, methyl b-D-glucoside, DL-lactic acid, L-aspartic acid, L-glutamic acid, L-threonine, glycyl Lglutamic acid and 2,3-butanediol. Nitrate is reduced to nitrite and ammonia, but not to nitrogen gas (van Bruggen et al., 1990) . Growth occurs at 37 u C but not at 40 u C. Profuse growth occurs between pH 6 and pH 8, but slight growth occurs at pH 5 and pH 9. Whole-cell fatty acid profiles consist mainly of C 18 : 1 , C 16 : 0 and C 16 : 1 . The main hydroxylated fatty acid is C 14 : 0 2-OH. C 18 : 1 10-CH 3 and C 19 : 0 cyclo are found in trace amounts. The G+C content of chromosomal DNA varies from 62.7 to 63.5 mol%. Some strains are pathogenic to Lactuca spp. and other genera in the tribe Cichoriae of the Asteraceae, inducing yellow-banded lesions and brown corky areas on main and lateral roots.
The type strain, WI4
T (5LMG 11032 T 5ATCC 51292 T ), was isolated from soil using lettuce seedlings as bait in Wisconsin, USA.
Description of Sphingobium xanthum sp. nov.
Sphingobium xanthum (xan9thum. Gr. adj. xanthos yellow).
Cells are Gram-negative, flagellated rods (approx. 1.56 0.8 mm). Colonies on solid S medium are compact, smooth and bright yellow. All strains are obligate aerobes and not oligotrophic. The following substrates are oxidized by all strains: D-galactose, a-D-glucose, maltose, D-mannose, Lrhamnose, DL-lactic acid, quinic acid, L-alanyl glycine, Laspartic acid, glycyl L-aspartic acid, glycyl L-glutamic acid, L-leucine, L-proline and inosine. Some strains grow at 37 u C but none grow at 40 u C. Profuse growth occurs between pH 6 and pH 8, with slight growth by some strains at pH 9. Some strains are pathogenic to Lactuca spp. and other genera in the tribe Cichoriae of the Asteraceae, inducing yellow-banded lesions on main and lateral roots. Whole-cell fatty acid profiles consist mainly of C 18 : 1 , C 17 : 1 , C 16 : 0 and C 16 : 1 . The main hydroxylated fatty acid is C 14 : 0 2-OH; C 15 : 0 2-OH also occurs. C 18 : 1 10-CH 3 is only found in trace amounts in some strains.
The type strain is strain NL9 T (5LMG 12560 T 5ATCC 51296 T ), isolated from soil using lettuce seedlings as bait in Maasland, The Netherlands. The chromosomal DNA G+C content of the type strain is 64.7 mol%.
